Abstract. The aim of the current study was to investigate the expression and role of microRNA (miR)-1271 in the pathogenesis of osteosarcoma, and the associated underlying mechanisms. Tissue samples from 45 patients with osteosarcoma were collected, while the 143B, MG-63 and U-2 OS osteosarcoma cell lines were also cultured. The expression levels of miR-1271 in the tissues and cells were detected with reverse transcription-quantitative polymerase chain reaction, and 143B osteosarcoma cells were subjected to miR-1271 manipulation. In addition, the cell proliferation, cell cycle progression, and migration and invasion abilities were assessed by Cell Counting Kit-8 assay, flow cytometry and Transwell chamber assay, respectively. Tissue inhibitor of metalloproteinases 2 (TIMP2) expression level was also detected with western blot analysis. Dual-luciferase reporter assay was performed to investigate the interaction between miR-1271 and TIMP2. The results revealed that miR-1271 expression was significantly elevated in the osteosarcoma tissue and was closely correlated with the clinical TNM staging. The expression levels of miR-1271 were also upregulated in the osteosarcoma cells, with the highest expression observed in 143B cells. Inhibition of miR-1271 significantly inhibited the cell proliferation, G1/S phase transition, and the migration and invasion abilities of 143B cells, while it also resulted in upregulated TIMP2 expression in these cells. Furthermore, overexpression of TIMP2 significantly inhibited the cell proliferation, G1/S phase transition, and migration and invasion abilities of 143B cells. Dual-luciferase reporter assay demonstrated that miR-1271 targeted on the 3'-untranslated region of TIMP2 mRNA. In conclusion, the expression levels of miR-1271 were significantly elevated in osteosarcoma tissues and cells. miR-1271 downregulated the expression of TIMP2 to promote the proliferation and enhance the migration and invasion abilities of 143B osteosarcoma cells, functioning as an oncogene.
Introduction
Osteosarcoma is the most common histological type of primary bone tumors, which are rare tumors in clinical practice (1, 2) . Osteosarcoma usually occurs in the metaphyseal region that is rich in blood supply, and is characterized by early lung metastasis and high recurrence rate (3) . The majority of patients with osteosarcoma are accompanied with micrometastasis at the initial diagnosis (4) . At present, these patients are mainly subjected to the surgical treatment combined with radiotherapy and chemotherapy. However, the outcomes of surgical treatment are limited due to the high morbidity, while radiotherapy and chemotherapy may induce severe side effects and drug resistance, resulting in disease recurrence and poor prognosis. The 5-year survival rate for patients with osteosarcoma is 50-60%, and the 5-year survival rate for patients with osteosarcoma accompanied with metastasis is only 20-30% (5, 6) . Therefore, it is of great importance to increase the early diagnostic rate for osteosarcoma to improve the disease prognosis. To date, the molecular mechanisms for the pathogenesis and metastasis of osteosarcoma remain unclear.
MicroRNA (miRNA or miR) is a class of small non-coding RNAs with a length of 18-22 nt, which are able to bind to the 3'-untranslated region (UTR) of target mRNAs and form a silencing complex, blocking the mRNA translation (7, 8) . miRs are involved in almost all the pathophysiological processes in eukaryotic cells, and serve important roles in the regulation of tumorigenesis and distant metastasis (9) . For instance, different miRs in the peripheral blood have been recognized as the diagnostic markers for colon cancer at different stages (10) . miR-194 has been recognized as the early diagnostic marker for kidney cancer (11) , while miR-373 promotes the invasion and metastasis of glioma cells via regulating the expression of CD44 and transforming growth factor β receptor 2 (12 (13) . miR-133a blocks the invasion and metastasis of osteosarcoma by downregulating insulin-like growth factor 1 receptor (14) . In addition, miR-21 promotes the pathogenesis and development of osteosarcoma via the phosphatase and tensin homologue/protein kinase B pathway (15) . miR-1271 is a recently discovered miR molecule (16) that has been reported to function as an oncogene or tumor-suppressor genes in several tumors (17) . However, its expression and biological function in osteosarcoma pathogenesis have not yet been fully elucidated.
In the present study, the expression and role of miR-1271 in the pathogenesis of osteosarcoma were investigated in human tissues and three cell lines. Osteosarcoma cells were subjected to transfection with miR-1271 overexpressing plasmid. The cell proliferation, cell cycle progression, and migration and invasion abilities were evaluated. Previously, it has been demonstrated that the tissue inhibitor of metalloproteinases 2 (TIMP2) is closely associated with the proliferation, and invasion and metastasis of tumor cells. The downregulated TIMP2 expression is able to activate the matrix metalloproteinase (MMP) family proteins, further promoting the metastasis of tumor cells (18) . Based on these findings, the expression of TIMP2 was also detected in the current study, and the effects of miR-1271 on TIMP2 expression were investigated. Furthermore, the dual-luciferase reporter assay was performed to confirm the interaction between miR-1271 and TIMP2. (20) . The RT reaction was performed at 37˚C for 60 min. qPCR was performed on the Step One plus Real-Time PCR System (Applied Biosystems; Thermo Fisher Scientific, Inc.). The reaction system (20 µl) contained 10 µl qRT-PCR-Mix, 0.5 µl upstream primer (5'-CTT GGC ACC TAG CAA GCA CTC A-3'), 0.5 µl downstream universal primer (5'-TGG TGT CGT GGA GTC G-3'), 2 µl cDNA and 7 µl ddH 2 O. The reaction protocol was: initial denaturation at 95˚C for 10 min; 40 cycles of 95˚C for 1 min and 60˚C for 30 sec. To measure TIMP2 mRNA expression, an miRcute enhanced miRNA fluorescence quantitative detection kit (FP411, Tiangen) was used. The primers for TIMP2 were 5'-GAG CGA GAA GGA GGT GGA TTC CGG G-3' (forward) and 5'-ATG TCA AGA AAC TCC TGC TTC GGG GG-3' (reverse)/The internal control was U6 (forward, 5'-CTC GCT TCG GCA GCA CA-3'; reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'). The expression of miR-1271 was assessed using a BeyoFast SYBR Green qPCR Mix (Beyotime Institute of Biotechnology. Haimen, China). The forward primer for miR-1271 was 5'-CTT GGC ACC TAG CAA GCA CTC A-3', and the reverse primer for miR-1271 was a universal primer provided in the kit. The internal control for miR-1271 was GAPDH (forward, 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3'; reverse, 5'-AGC CTT CTC CAT GGT GGT GAA GAC-3'). The 2 -ΔΔCq method was used to calculate the relative expression of TIMP2 mRNA or miR-1271 against internal references (21) .
Materials and methods

Study
Cell transfection. Osteosarcoma 143B cells were seeded into a 24-well plate at a density of 1x10 5 cells/well, and cultured with the RPMI-1640 medium containing 10% fetal bovine serum (FBS) at 37˚C in an atmosphere containing 5% CO 2 overnight. Next, 50 µl Opti Memi culture medium and 2 µl Lipofectamine 2000 (both Thermo Fisher Scientific, Inc.) was added to the first Eppendorf (EP) tube. A second EP tube was filled with 50 µl Opti Memi culture medium, along with 1.25 µl miR-1271 inhibitor (20 µM; RiboBio Co., Ltd., Guangzhou, China), negative control (NC) or pcDNA3.1-TIMP2 plasmid (RiboBio Co., Ltd.). Following 2 min of incubation, the contents of the second EP tube (miR-1271 inhibitor, NC or pcDNA3.1-TIMP2) and the first EP tubes were mixed together, forming the different study groups. After 15 min, the various mixtures were transferred into the wells and incubated for 6 h. Subsequently, the cells were cultured with RPMI 1640 medium containing 10% FBS for 48 h.
Cell Counting Kit (CCK)-8 assay.
The cell proliferation was assessed with the CCK-8 assay. Following the various treatments, the 143B cells were planted onto a 96-well plate at a density of 5,000 cells/well. Every 24 h, the cells were treated with the CCK-8 reaction solution (Beyotime Institute of Biotechnology) for 30 min, for 3 consecutive days. The absorbance at 490 nm was then read with a microplate reader, and the cell proliferation curve was obtained accordingly.
Flow cytometry for determination of cell cycle progression.
Cell cycle was detected by flow cytometry. At 24 h after cell transfection, 1x10 6 cells were washed with phosphate-buffered saline. The cell cycle was then examined with the Cell Cycle Assay kit (BD Biosciences, Franklin Lakes, NJ, USA), according to the manufacturer's instructions. Briefly, the cells were incubated with 200 µl solution A at room temperature for 10 min, followed by incubation with 150 µl solution B at room temperature for 10 min, and subsequent incubation with 120 µl solution C in the dark for 10 min. Fluorescence was detected with a flow cytometer (BD Biosciences), and the results were analyzed with the Modifit software (version 3.1; Verity Software House, Topsham, ME, USA).
Transwell chamber detection. The migration and invasion abilities of 143B cells were assessed using a 24-well plate with Transwell chambers (pore size, 8 µm; Corning Inc., Corning, NY, USA). A total of 2x10 5 cells in 200 µl serum-free RPMI 1640 medium were planted onto the upper chamber, and 500 µl RPMI-1640 medium containing 10% FBS was added to the lower chamber. After 24 h, the cells in the upper chamber were removed, followed by fixation of all cells with 4% formaldehyde at room temperature for 10 min and subsequent Giemsa staining. Under a light microscope (magnification, x200), the number of membrane-penetrating cells were counted in five randomly selected fields, and the cell migration ability was assessed accordingly.
To evaluate the cell invasion ability, a Matrigel matrix (BD Biosciences) was used to simulate the extracellular environment. Subsequent to diluting with serum-free RPMI-1640 medium (1:2 dilution), the matrix (100 µl) was evenly smeared onto the upper chamber and incubated at 37˚C for 60 min to obtain the gel. The experimental procedures for cell invasion investigation were the same as for the migration ability assessment, but were performed on ice. The results were observed under a light microscope (magnification, x200) 72 h later.
Western blot analysis. Following transfection, the cells were lysed with the radioimmunoprecipitation assay lysis buffer containing phenylmethane sulfonyl fluoride (Beyotime Institute of Biotechnology). Subsequent to centrifugation at 12,000 x g and 4˚C for 10 min, the protein concentration was measured with the BCA method. A protein sample (5 µl) was then subjected to 12% SDS-PAGE and electronically transferred onto a polyvinylidene difluoride membrane. After blocking with non-fat milk at room temperature for 1 h, the membrane was incubated with rabbit anti-human anti-TIMP2 antibody (1:1,000 dilution; cat. no. ab180630; Abcam, Cambridge, UK) or mouse anti-human anti-GAPDH antibody (1:5,000 dilution; cat. no. ab8245; Abcam) at 4˚C overnight. Subsequently, the membrane was incubated with a horseradish peroxidase-conjugated goat anti-mouse (1:5,000 dilution; cat. no. ab6789; Abcam) or goat anti-rabbit (1:2,000 dilution; cat. no. ab6721; Abcam) secondary antibodies, respectively, at room temperature for 1 h. Color development was performed with the enhanced chemiluminescence kit (Beyotime Institute of Biotechnology), and the protein bands were then imaged and analyzed using Quantity One software (version 4.62; Bio-Rad, Hercules, CA, USA).
Bioinformatics prediction and dual-luciferase reporter assay. The target gene of miR-1271 was predicted with bioinformatics analysis using the TargetScan online tool (www.targetscan.org). Based on the findings that TIMP2 was a target gene of miR-1271, the wild-type (5'-UAA ACU GAC GAU AUA CAG GCA CA-3') and mutant (5'-UAA ACU GAC GAU AUA GAA GAA GA-3') seed regions of the 3'-UTR of TIMP2 gene were synthesized with the Spe-1 and HindIII restriction sites at the ends. Next, these regions were cloned into the pMIR-REPORT luciferase reporter plasmid (Thermo Fisher Scientific, Inc.). The miR-1271 mimics (HanBio Biotechnology, Shanghai, China), along with 0.5 µg plasmid containing wild-type or mutant 3'-UTR of TIMP2 mRNA, were co-transfected into the HEK293T cells (Cell Bank, Chinese Academy of Sciences, Shanghai, China) at 37˚C using Lipofectamine ® 2000 (Thermo Fisher Scientific, Inc.). After 24 h, the cells were lysed with the dual-luciferase reporter kit (Promega Corp., Madison, WI, USA), and the fluorescence was detected with the GloMax 20/20 luminometer (Promega Corp.). Renilla was used as the internal reference.
Statistical analysis. Data are expressed as the mean ± standard deviation. SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. The Student's t-test was performed for group comparison, followed by Scheffe test as post hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of miR-1271 in osteosarcoma tissues and cells. To investigate the expression of miR-1271 in the osteosarcoma tissues and cell lines, RT-qPCR analysis was performed.
The results revealed that, compared with the adjacent normal tissue, the miR-1271 expression level was significantly elevated in the osteosarcoma tissue (P<0.05; Fig. 1A) . When considering the TNM staging, the miR-1271 expression in the T3 group was significantly higher compared with that in the T1 and T2 groups (both P<0.05; Fig. 1B) . Furthermore, the expression of miR-1271 was significantly elevated in the three osteosarcoma cell lines compared cells from tumor-adjacent tissues, with the highest expression observed in the 143B cells (P<0.05; Fig. 1C ). These results suggest that the expression of miR-1271 is significantly elevated in the osteosarcoma tissues and cells, which may be closely associated with the disease pathogenesis.
Effects of miR-1271 on the proliferation, cell cycle progression, and migration and invasion abilities of 143B osteosarcoma cells.
The effects of miR-1271 on the proliferation, cell cycle progression, and migration and invasion abilities of 143B osteosarcoma cells were investigated. The cells were first transfected with an miR-1271 inhibitor, and the results indicated that the level of miR-1271 in cells transfected with miR-1271 inhibitor was significantly lower than compared with cells transfected with miR-NC (data not shown). The results from the CCK-8 assay demonstrated that the inhibition of miR-1271 significantly decreased the proliferation of 143B osteosarcoma cells (P<0.05; Fig. 2A ), indicating that miR-1271 may promote the proliferation of osteosarcoma cells. In addition, the results of flow cytometry indicated that, compared with the NC group, 143B osteosarcoma cells transfected with miR-1271 inhibitor were arrested at the G1/S phase (Fig. 2B) . This suggests that upregulated expression of miR-1271 may improve the G1/S phase transition and subsequently promote the proliferation of 143B osteosarcoma cells. Furthermore, the Transwell chamber migration assay demonstrated that, compared with the NC group, the penetrating cells were significantly less in the 143B osteosarcoma cells transfected with the miR-1271 inhibitor (P<0.05; Fig. 2C ), indicating declined migration ability of these transfected cells. The invasion assay revealed that the penetrating 143B cells were significantly reduced compared with those in the NC group (P<0.05; Fig. 2C ), indicating that miR-1271 may inhibit the invasion ability of osteosarcoma cells. Taken together, these results suggest that miR-1271 may significantly increase the proliferation, enhance the migration and invasion abilities, and promote the G1/S phase transition of osteosarcoma cells.
Biological functions of TIMP2 and its interaction with miR-1271 in 143B osteosarcoma cells.
The biological functions of TIMP2 and its interaction with miR-1271 in 143B osteosarcoma cells were next investigated. Overexpression of TIMP2 was initially induced in the osteosarcoma cells by plasmid transfection (Fig. 3A) , and then the proliferation, cell cycle progression, and migration and invasion abilities of cells were evaluated with the CCK-8 assay, f low cytometry and Transwell chamber assay, respectively. The results identified that TIMP2 overexpression significantly decreased the cell proliferation, blocked the G1/S phase transition, and decreased the migration and invasion abilities of osteosarcoma cells (Fig. 3B-D) . These results suggest that TIMP2 may serve as a tumor-suppressing gene, while its overexpression may inhibit the pathogenesis and development of osteosarcoma.
Western blot analysis demonstrated that transfection with the miR-1271 inhibitor significantly elevated the expression of TIMP2 in the osteosarcoma cells (P<0.05; Fig. 4A ). The results from the dual-luciferase reporter assay revealed that, compared with the NC group, the fluorescence density was significantly reduced in the HEK293T cells co-transfected with miR-1271 mimics and pMIR-REPORT-wild-type luciferase reporter (P<0.05). By contrast, no significant differences in the fluorescence density were observed when these cells were co-transfected with miR-1271 mimics and pMIR-REPORT-mutant luciferase reporter (P>0.05; 
Discussion
In the present study, the results of RT-qPCR demonstrated that the expression of miR-1271 was significantly elevated in the osteosarcoma tissue, and this expression was negatively correlated with the clinical TNM staging of patients. However, downregulation of miR-1271 significantly inhibited the proliferation, migration and invasion of 143B osteosarcoma cells. Next, bioinformatics prediction revealed that TIMP2 may be the target gene for miR-1271, while transfection with plasmids to induce overexpression of TIMP2 significantly inhibited the proliferation, as well as the migration and invasion abilities, of 143B osteosarcoma cells. Dual-luciferase reporter assay also displayed that miR-1271 was able to directly bind to the 3'-UTR of TIMP2 mRNA and regulate the gene expression. According to these results, it can be suggested that miR-1271 functions as oncogene in the pathogenesis of osteosarcoma, while miR-1271 may downregulate the expression of TIMP2 and promote the pathogenesis and development of osteosarcoma.
miR-1271 is a recently identified miR molecule with a relatively limited number of investigations into its role and function in tumor pathogenesis. Increasing studies have suggested that miR-1271 functions as an oncogene in tumorigenesis. Zhou et al (22) observed that miR-1271 is downregulated in non-small cell lung cancer, which may inhibit the tumor cell proliferation. Liu et al (23) have indicated that miR-1271 targets cyclinG1 to inhibit the growth of ovarian cancer. The results of the present study demonstrated that the expression of miR-1271 was upregulated in the osteosarcoma tissue, while it was negatively correlated with the TNM staging. In the osteosarcoma cells, the highest expression of miR-1271 was observed in the 143B cells. The in vitro results revealed that miR-1271 significantly promoted the proliferation of 143B osteosarcoma cells. It has also been reported that miR-1271 was able to inhibit the invasion and metastasis of various tumors. For instance, in gastric cancer, miR-1271 targeted forkhead box Q1 expression to inhibit the epithelial-mesenchymal transition and metastasis of gastric cancer cells (24) . In squamous cell carcinoma, miR-1271 downregulated the expression of alkaline phosphatase to block the invasion and metastasis of tumor cells (25) . The current study results demonstrated that the inhibited expression of miR-1271 significantly reduced the migration and invasion abilities of 143B osteosarcoma cells, indicating that miR-1271 was able to promote the pathogenesis of osteosarcoma.
Bioinformatics prediction in the present study indicated that TIMP2 was one of the target genes for miR-1271. TIMP2 is a main member of the MMP inhibitors, which is able to inhibit the activity of MMP-2, suppress the degradation of the extracellular matrix, and thereby block the invasion and metastasis of tumors (26) . A previous study demonstrated that the expression of TIMP2 is associated with the invasion and metastasis of various tumors, which may be used as a treatment target (27) . However, the regulating mechanisms of TIMP2 remain unclear (28) . The current study results revealed that upregulation of TIMP2 expression reduced the proliferation of 143B osteosarcoma cells, inhibited the cell G1/S phase transition, and attenuate the migration and invasion abilities of cells. The dual-luciferase reporter assay also revealed that miR-1271 directly targeted the 3'-UTR of TIMP2 mRNA and regulated the gene expression of TIMP2, thereby functioning as an oncogene.
In conclusion, the results of the present study revealed that the miR-1271 expression levels were significantly elevated in the osteosarcoma tissues and cells. In addition, inhibition of miR-1271 significantly inhibited the cell proliferation, G1/S phase transition, and the migration and invasion abilities of 143B osteosarcoma cells, and resulted in upregulated TIMP2 expression. Furthermore, overexpression of TIMP2 significantly inhibited the cell proliferation, G1/S phase transition, and migration and invasion metastasis abilities of 143B osteosarcoma cells. Dual-luciferase reporter assay also indicated a direct interaction between miR-1271 and TIMP2. These results suggest that miR-1271 may downregulate the expression of TIMP2 to promote the pathogenesis and development of osteosarcoma, functioning as an oncogene; thus, miR-1271 may be a potential treatment target for osteosarcoma in clinical practice. 
